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Abstract 
Slip-form technology, an automatic formwork system, has many benefits in construction industries and can shorten the 
construction time and reduce costs. However, slip-form systems have been designed using 2D drawing methods, which hinders 
the utilization of project information and impedes essential communication between project participants. The application of 
Building Information Modeling (BIM) technology, especially the parametric modeling method, can be an efficient solution. 
This study presents the beneficial effects of applying BIM technology to the design of a slip-form system. First, classification 
of a tapered slip-form was defined, based on Product Breakdown Structure (PBS) in a top-down approach. Then, working from 
the defined classification, 3D parametric models of a slip-form were constructed using the script language, SmartPart of Allplan 
(BIM tool). Finally, the established parametric model was tested by carrying out two different-height cases of tapered concrete 
pylons, automatically. This parametric design system could also be utilized to improve an efficiency of a formwork process. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The slip-forming method of erecting the pylon by sliding up the whole forms using an automated jacking device 
embedded in concrete and pouring continuously (24 hours) concrete has two advantages over other methods. First, it 
can shorten construction time for erecting high-rise concrete structure; second, it can provide effective quality 
 2016 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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control. [1] However, the current design of slip-form system is based on two-dimensional (2D) drawings, which can 
impede the management and utilization of design information and hinder coordination between project participants, 
eventually resulting in error increases during the project construction phase. In this research, the slip-form system 
that will be described was applied to a tapered pylon. A tilt angle of a tapered pylon was changed, according to the 
cross-sectional dimension and the height of the pylon. Such changes are why 2D drawings and simple 3D models 
are constantly reproduced through whole project life cycle, in order to reflect the complex mechanical behavior 
according to fine changes of heights. To solve these problems, object-based stepwise parametric technology was 
applied to the slip-form system, so that the established parametric model can automatically respond and react 
depending on a number of parameters in all cases. Use of this more efficient design process can drastically reduce 
the current frequent redesign and also reduce construction costs and time by minimizing construction errors. The 
established parametric library can be recycled in the future similar design and construction of high-rise concrete 
pylon. Furthermore, similar projects where the slip-form system can be utilized, such as a bridge pier, a concrete 
core of high-rise building, and a silo, will be able to develop and apply the established parametric library of the slip-
form system. 
2. Background Research 
   In prior research, researchers have investigated two areas: “Applying BIM on system form” and “3D parametric 
modeling.” These areas are summarized in Table 1. Studies utilizing BIM for the system formwork have been 
carried out, as shown in the left column of Table 1. The established information models in the research were utilized 
in 4D simulation for scheduling and in 5D for cost estimates, and in tracking an as-built construction process for 
construction accuracy. The studies listed in the right column of Table 1 focused on small-size parametric modeling. 
Methodology, process definition, and parameters’ setting of the parametric modeling were the key topics of these 
studies. In other words, in reviewing previous studies, BIM has been applied to the concrete structures themselves—
the objects of applying formwork technology—rather than to the formwork system. In addition, the constructability 
evaluation is the main process of applying the formwork system to concrete structures. Study on the system 
formwork itself is halted on the 3D modeling of the system; in a study so far, the automation of the formwork 
system is not in progress. In parametric modeling studies, researchers focused on the selection of the parameters of 
the structure itself, which insufficient for the study of a system with mechanical behavior. A tapered slip-form 
system that exhibited mechanical behavior with reference to the parametric modeling techniques and processes is 
shown in the right column of Table 1.  An automated system of slip-form was created for users and made available 
so that it could be used during the design and construction phase of a slip-form. A fine cross-sectional change in a 
fine height variation and the following mechanical behavior of the slip-form system, these kinds of problems could 
not be solved using the current 2D-based design and basic 3D-based design process. [2]  
Table 1. Reviews of Research 
Researches of Applying BIM to System-Form Researches of 3D Parametric Modeling 
7KH'HYHORSPHQWRI$XWRPDWLF0RGXOHIRU)RUP-work 
Layout using the BIM (Lee, 2009) [3] 
7RZDUGV$XWRPDWHG3URJUHVV7UDFNLQJRI(UHFWLRQRI
Concrete Structures (Turkan, 2010) [4] 
$XWRPDWHG&RQVWUXFWLRQ/D\RXWDQG6LPXODWLRQRI&RQFUHWH
Form-work Systems using Building Information Modeling 
(Ramesh Kannan, 2013) [5] 
&RQVWUXFWDELOLW\$VVHVVPHQWRI&OLPELQJ)RUP-Work 
Systems Using BIM (Ramesh Kannan, 2013) [6] 
'HYHORSPHQWRIDQ(IILFLHQW7DSHUHG6OLS-Form System 
Applying BIM Technology (Yoon, 2013) [7] 
3URFHVVLPSURYHPHQWVLQSUHFDVWFRQFUHWHFRQVWUXFWLRQ
using top-down parametric 3-D computer modeling 
(Sacks, 2003) [8] 
3DUDPHWULF'PRGHOLQJLQEXLOGLQJFRQVWUXFWLRQ 
with examples from precast concrete (Sacks, 2004) [9] 
$QHZIRUPDODQGDQDOytical process to product modeling 
(PPM) method and its application to the precast concrete 
industry (Lee, 2004) [10] 
6SHFLI\LQJSDUDPHWULFEXLOGLQJREMHFWEHKDYLRU%2% 
for a building information modeling system (Lee, 2006) 
[11] 
(OHPHQWVRISDUDPHWULc design (Woodbury, 2010) [12] 
 
Therefore, 3D-based BIM technology was developed and analyzed in this paper. For this purpose, the members 
constituting the slip-form system were formalized and organized. Next, it was proposed that stepwise parametric 
modeling techniques should be able to be applied to objects with mechanical behavior. Then, a step-by-step 
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parametric modeling of the slip-form system, using the scripting language of Allplan SmartPart, was performed 
based on the defined classification system and stepwise parametric modeling technique. Finally, the pilot tests were 
carried out for the completed parametric library on the basis of the resources when the pylons have different heights. 
3. Classification Scheme of Tapered Slip-Form System 
3.1. Slip-Form System 
Slip-forming is a method of erecting the pylon by sliding up the whole forms, using an automated jacking device 
embedded in concrete and pouring continuously (24 hours) concrete. This construction method has already proved it 
can significantly improve constructability, safety, and quality control. The slip-form construction process is that, 
once concrete has attained a specified strength after placement, the forms are moved up, while continuously 
assembling steel and placing concrete. The slip-form can be divided primarily into the core part and the leg part. The 
panels in the form are composed of three types of sizes: 100mm, 250mm, and 580mm. As the cross-section of 
concrete becomes smaller, the 100mm and 580mm of the formwork panels surrounding the concrete are overlapped 
increasingly, which is the basic method to accurately control the size of the formwork system. [13] 
3.2. Classification Scheme 
In order to apply parametric design technology to the tapered slip-form system effectively and to improve 
collaboration among project participants, the classification scheme of the slip-form system should be defined in 
advance, which allows structure and characteristics of the slip-form to be easily understood due to its hierarchical 
structure and descriptive information of each group. In this study, tKH2PQL-class Construction Classification 
6\VWHP2&&6ZDVEDVHGRQWKHFULWHULDVHOHFWLRQVRIWKHFODVVLILFDWLRQVFKHPH,n addition, mechanical behavior, 
shapes, properties, and materials of the objects were considered. [1, 14, 15] 
Classification System is defined as the basis for creating the product breakdown structure (PBS) of the slip-form 
system. Considering the Classification Scheme previously created and the characteristics of the members, the PBS 
was established in five steps of the tree-structure with a top-down approach, as in Figure 1. First, Level 0 is a step 
where a slip-form can exert the full functionality of the system as a slip-form itself. The major groups in Level 1 
were sorted based on the presence or absence of the mechanical behavior. Defined Major Groups were classified 
into Group Elements (Level 2) on the basis of functionality and serviceability of the elements, into Individual 
Elements (Level 3) taking into account of the shapes of elements, and into Sub Elements (Level 4) with further 
consideration of the types. 
The established PBS was helpful to set an assembly diagram as Figure 2. The main members in the system were 
arranged around the yoke legs. The original diagram represented complicated assembly relationship among the 
elements. Instead of the original diagram, the assembly relationship in Figure 2 is only focused on Yoke Leg A for 
better understanding of the assembly system. Based on the diagram, the parametric modeling Steps 3 and 4 could be 
embodied. 
 
Fig. 1. PBS of Slip-Form System 
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Fig. 2. Assembly Relation Diagram of Slip-Form System (Focused on Yoke Leg A) 
4. Stepwise Application of Parametric Modeling 
4.1. Parametric Design Method 
A parametric modeling technique is one in which shapes are modeled using independent parameters that consider 
constraints and where object combinations are automatically updated when the parameters are modified. Because 
the slip-form system has mechanical behavior, the process of parametric modeling follows the procedure proposed 
by Lee (2004) as in Figure 3, which shows the variables based on the characteristics and conditions of the objects 
and then optimizes, by utilizing the feasibility study of the processes to complete the process. [10] In this study, a 
programming language of Allplan was utilized to build a parametric model library of tapered slip-form system. The 
established library can be stored as component-specific, member-specific, members’ group specific object, and the 
entire system, in which libraries can be summoned for the users’ purposes. In addition, when the size and shape of 
the members were changed, parameters of the affected members can be automatically updated, which can result in 
active response to the design change, and to the field conditions. 
 
 
Fig. 3. Process of ApSO\LQJ3DUDPHWHUVRQ2EMHFW%HKDYLRU[10] 
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4.2. Definition of Stepwise Parametric Modeling 
In cases where engineers must deal with many diverse members, as in the slip-form system utilized in this study, 
where many difficult processes must be followed in order to complete the parametric model required to operate the 
system. In the slip-form system, based on two parameters—the height of the pylon and the dimension of the 
concrete cross-section—the tilt angle of the pylon is changed, then accordingly the installation angle and assembled 
relationships of all members are set. Therefore, the basic parameters are set through main members’ parametric 
modeling. By adding members in order of relevance, it was necessary to apply a gradual stepwise method, the 
bottom-up approach, attaching new parameters to the existing parameters.  
To present this concept, Eastman’s three stages of parametric modeling [16] were expanded and more fully 
detailed. Applying phases were divided into four steps defined from the basic component design step to the full 
operational step, as shown in Figure 4.  In Step 1, the Parametric Solid Modeling Step, the complex geometries and 
objects are defined, using several variables. In Step 2, the Parametric Assembly Modeling Step, when a parameter is 
modified the combined objects are automatically updated according to a predetermined order from a programming 
script. In Step 3, the Parametric Assembly-System Modeling Step, a constraint relationship and a combination 
relationship between different groups of assembled elements is made. In Step 4, the Complete Parametric Modeling 
Step, all group objects are combined in order to perform a proper function in order to configure the slip-form system.  
 
 
Fig. 4. The Concept of Stepwise Parametric Modeling 
4.3. Applying Defined Parametric Methodology to Tapered Slip-Form System  
In this study, via SmartPart, Nemetshek Allplan’s script language, and based on the predefined PBS and the 
assembly relation diagram of the slip-form, the system was divided into two parts. 2ne group, mainly consisting of a 
concrete pylon and form panels, is the core part. The other group, made up of the main members including Yoke 
Legs, is the leg part. For each part, parametric modeling was performed up to Step 3. Then after combining the two 
parts of completed parametric modeling in Step 3, modeling was conducted in Step 4. 
4.3.1. Parametric Solid Modeling (Step 1) 
Based on the classification scheme of tapered slip-form system shape parameters, geometry parameters and 
attribute parameters were assigned to each single component. At this time, it was necessary to determine whether an 
element affects the other part. Determining the dependent variable for the dimension interacting with other 
parameters and the independent variable for a variable that does not affect the other parts results in more effective 
implementation of parametric modeling, by minimizing the parameters and the number of the relations. For example, 
in the case of Yoke Leg A, the member consists of nine components, from YL_E0 to YL_E8. The parameters of the 
components were then assigned, taking into account the constraint relationships among the nine components. 
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4.3.2. Parametric Assembly Modeling (Step 2) 
In Step 2, the various elements were assembled. Then, members were created through defining the geometry 
relationship and constraint relationship, which were extracted from parameters during modeling in Step 1.  Members 
were formed by the combination of several elements. While maintaining the shape of the members in accordance 
with relationships among parameters, detailed dimensional change in members was possible. In the case of Yoke 
Leg, it was generated by combining nine elements that were defined by the process of the parametric modeling 
performed in Step 1. YL_E0 and YL_E2 shared a common size and location of the shared hole; its size and location 
were defined as Hold_10 and Dft7, respectively. In this way, two or more elements could be assembled through 
interacting between dependent variables in the elements. As a result, like Figure 5, even though the full length of 
Yoke Leg (L1) is changed, it may maintain its form, due to the constraints of the positional relationship of the 
elements to keep the overall shape of the member.  
 
 
Fig. 5. Example of Parametric Modeling Step 2 (Yoke Leg A) 
4.3.3. Parametric Assembly-System Modeling (Step 3) 
In Step 3, Parametric Assembly-System Modeling, the completed main members of slip-form are assembled 
through the parametric modeling of Step 2, taking into account the pre-defined classification of the system. Whether 
the elements are adjacent or remote to each other, it is not a simple relationship, but the relationships that make the 
union of relations with a number of parameters and equations within each member. Therefore, all parameters that 
are part of the equations have a new vertical condition and constraints. This parametric assembly technique has the 
advantage that, even if the sizes of components belonging to the other member are changed, the assembly 
relationship and its shape can be maintained by setting an unchanged reference point. For example, the members, 
Yoke Leg, Extended Yoke Leg, and Working Deck shared the 3D reference points as in Table 2. Yoke Leg and 
Extended Yoke Leg had the reference point of (X, Y, Z) = (0, 0, L1-Dft7), Yoke Leg and Working Deck shared the 
point of (X, Y, Z) = (50, - (H1) / 2, 381). The positional relationship through sharing the pre-defined reference point 
was coding via Smartpart of Allplan. This process was expressed in Pseudo Code, as shown in Table 2. In addition, 
the assembled elements are installed at different angles according to the cross-section and height of the pylon. At 
this time, a group of the assembled elements corresponds to its installation angle by changing the reference axis of 
the group while maintaining the intended shape and condition of assembly. To solve the technical problem described 
above, the axial rotation was used. Rotating an axis direction can be an important role to correspond to the angle 
variable, while maintaining the assembled relation. 
Table 2. Example of Parametric Modeling Step 3 (Leg Part) 
Assembly System Pseudo Code Result 
Yoke Leg 
& 
Working Deck 
*5283B3/$&(³<RNH/HJ´ 
Trans 50, -(h1)/2, 381 
*5283B3/$&(³:RUNLQJ'HFN´ 

Yoke Leg 
& 
Extended Yoke Leg 
*5283B3/$&(³<RNH/HJ´ 
Trans 0,  0,  L1-Dft7 
*5283B3/$&(³([WHQGHG<RNH/HJ´ 
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4.4. Verification of Complete Parametric Modeling 
4.4.1. Pilot Tests and Mock-up Test for verifying Parametric Model 
To verify the 3D parametric information model library, the two pilot tests of parametric modeling described in 
Step 4 were conducted, using a tapered concrete pylon applying a slip-form system. The specification of the slip-
form to be tested was a hollow concrete pylon with 500~600mm thickness. The final heights were 10m and 50m. 
First, the main members were determined for each group, and the information model interface was designed for 
those users’ convenience. Then, after entering the basic specifications in the interface, a combination model was 
created. The seamlessness of the parametric motions for every height could be checked visually in 3D, as shown in 
Figure 6. In addition, by processing the mock-up test, as shown in Figure 7, for the concrete pylon with the same 
specifications of 10m height, the effects of the parametric slip-form machine were confirmed. The completed 3D 
parametric library can improve the efficiency in the storage and administration of BIM-based information model 
because the model can be reused later and can be applied to a variety of cross-sections and pylons heights. 
 
 
Fig. 6. Pilot Test of Parametric Model (10m Height Pylon) 
 
 
Fig. 7. Mock-up Test (10m Height Pylon) 
5. Conclusion 
The major findings of this study are summarized below: 
(1) To apply the 3D parametric design technique effectively, the classification scheme of the slip-form system 
was defined. By pre-defining the common information it was easy for project participants to determine the structure 
and characteristics of the slip-form system and to enable efficient collaboration between them. The PBS and the 
assembly relation diagram were created with consideration given to the 2&&6VKDSHIHDWXUHVFODVVLILFDWLRQDQG
the assembly procedure. 
(2) A stepwise parametric design technique was proposed for the parametric modeling of an object system with a 
complicated assembly relationship. A BIM-based 3D parametric library was established, applying a slip-form 
system. First, default parameters were set by applying the parametric modeling technique to the main members of 
the system. Then, gradually new parameters were attached to the basic parameters until the complete slip-form 
system was developed. For efficiency of the parametric modeling, the complete system was split into two parts: the 
core and the leg. Modeling was performed according to the method of parametric modeling, as Step 3. During the 
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final stages of the modeling technique, the two parts were assembled. The model then conducted pilot tests of pylons 
at the 10m and 50m height. The 10m pilot model was created as a mock-up and tested to verify the usability of the 
parametric library. 
(3) Based on this study, the established parametric library was evaluated and tested for utilization from the design 
phase through the construction phase of a tapered concrete pylon. Furthermore, by 2D drawing extraction in real-
time and quantity take-off, the information data can be easily utilized. The workability can also be improved through 
real-time measurement using the point cloud. 
(4) In the future, project participants’ design intent will be reflected in the established parametric library by 
summarizing the current parameters and extensive relationship. The library will develop into a more efficient and 
organized system than the current, massive parametric library. 
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